
“Advanced Aerodynamics”.

In Section 1 of this course you will cover these topics:
Introduction

Preliminary Estimate Of Take-Off Weight

Wing Loading Selection

Topic : Introduction

Topic Objective:

At the end of this topic student will able to learn:

 Aerospace engineering

 Overview

 History

 Elements

 Aerospace engineering degrees

 Popular culture

Definition/Overview:

Aerospace engineering is the branch of engineering behind the design, construction and science

of aircraft and spacecraft. Aerospace engineering has broken into two major branches,

aeronautical engineering and astronautical engineering. The former deals with craft that stay

within Earth's atmosphere, and the latter deals with craft that operate outside of Earth's
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atmosphere. While "aeronautical" was the original term, the broader "aerospace" has superseded

it in usage, as flight technology advanced to include craft operating in outer space.

Key Points:

1. Overview

Modern flight vehicles undergo severe conditions such as differences in atmospheric pressure

and temperature, or heavy structural load applied upon vehicle components. Consequently, they

are usually the products of various technologies including aerodynamics, avionics, materials

science and propulsion. These technologies are collectively known as aerospace engineering.

Because of the complexity of the field, aerospace engineering is conducted by a team of

engineers, each specializing in their own branches of science., The development and

manufacturing of a flight vehicle demands careful balance and compromise between abilities,

design, available technology and costs.

2. History

Alberto Santos Dumont, a pioneer who built the first machines that were able to fly, played an

important role in the development of aviation. Some of the first ideas for powered flight may

have come from Leonardo da Vinci, who, although he did not build any successful models, did

develop many sketches and ideas for "flying machines".

Orville and Wilbur Wright flew the Wright Flyer I, the first airplane, on December 17, 1903 at

Kitty Hawk, North Carolina.
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The origin of aerospace engineering can be traced back to the aviation pioneers around the late

19th century to early 20th centuries, although the work of Sir George Cayley has recently been

dated as being from the last decade of the 18th century. Early knowledge of aeronautical

engineering was largely empirical with some concepts and skills imported from other branches

of engineering. Scientists understood some key elements of aerospace engineering , like fluid

dynamics, in the 18th century. Only a decade after the successful flights by the Wright brothers,

the 1910s saw the development of aeronautical engineering through the design of World War I

military aircraft.

The first definition of aerospace engineering appeared in February 1958. The definition

considered the Earth's atmosphere and the outer space as a single realm, thereby encompassing

both aircraft (aero) and spacecraft (space) under a newly coined word aerospace. The National

Aeronautics and Space Administration was founded in 1958 as a response to the Cold War.

United States aerospace engineers sent the American first satellite launched on January 31, 1958

in response the USSR launching Sputnik.

1. Elements

Some of the elements of aerospace engineering are:

 Fluid mechanics - the study of fluid flow around objects. Specifically aerodynamics

concerning the flow of air over bodies such as wings or through objects such as wind

tunnels (see also lift and aeronautics).

 Astrodynamics - the study of orbital mechanics including prediction of orbital elements

when given a select few variables. While few schools in the United States teach this at

the undergraduate level, several have graduate programs covering this topic (usually in

conjunction with the Physics department of said college or university).

 Statics and Dynamics (engineering mechanics) - the study of movement, forces, moments

in mechanical systems.
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 Mathematics - because aerospace engineering heavily involves mathematics.

 Electrotechnology - the study of electronics within engineering.

 Propulsion - the energy to move a vehicle through the air (or in outer space) is provided

by internal combustion engines, jet engines and turbomachinery, or rockets (see also

propeller and spacecraft propulsion). A more recent addition to this module is electric

propulsion and ion propulsion.

 Control engineering - the study of mathematical modeling of the dynamic behavior of

systems and designing them, usually using feedback signals, so that their dynamic

behavior is desirable (stable, without large excursions, with minimum error). This applies

to the dynamic behavior of aircraft, spacecraft, propulsion systems, and subsystems that

exist on aerospace vehicles.

 Aircraft structures - design of the physical configuration of the craft to withstand the

forces encountered during flight. Aerospace engineering aims to keep structures

lightweight.

 Materials science - related to structures, aerospace engineering also studies the materials

of which the aerospace structures are to be built. New materials with very specific

properties are invented, or existing ones are modified to improve their performance.

 Solid mechanics - Closely related to material science is solid mechanics which deals with

stress and strain analysis of the components of the vehicle. Nowadays there are several

Finite Element programs such as MSC Patran/Nastran which aid engineers in the

analytical process.

 Aeroelasticity - the interaction of aerodynamic forces and structural flexibility,

potentially causing flutter, divergence, etc.

 Avionics - the design and programming of computer systems on board an aircraft or

spacecraft and the simulation of systems.

 Risk and reliability - the study of risk and reliability assessment techniques and the

mathematics involved in the quantitative methods.

 Noise control - the study of the mechanics of sound transfer.

 Flight test - designing and executing flight test programs in order to gather and analyze

performance and handling qualities data in order to determine if an aircraft meets its

design and performance goals and certification requirements.
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The basis of most of these elements lies in theoretical mathematics, such as fluid dynamics for

aerodynamics or the equations of motion for flight dynamics. However, there is also a large

empirical component. Historically, this empirical component was derived from testing of scale

models and prototypes, either in wind tunnels or in the free atmosphere. More recently, advances

in computing have enabled the use of computational fluid dynamics to simulate the behavior of

fluid, reducing time and expense spent on wind-tunnel testing. Additionally, aerospace

engineering addresses the integration of all components that constitute an aerospace vehicle

(subsystems including power, communications, thermal control, life support, etc.) and its life

cycle (design, temperature, pressure, radiation, velocity, life time).

2. Aerospace engineering degrees

The examples and perspective in this article deal primarily with the United States and do not

represent a worldwide view of the subject. Please improve this article or discuss the issue on the

talk page.

Aerospace (or aeronautical) engineering can be studied at the advanced diploma, bachelor's,

master's, and Ph.D. levels in aerospace engineering departments at many universities, and in

mechanical engineering departments at others. A few departments offer degrees in space-focused

astronautical engineering. The programs of the Massachusetts Institute of Technology and

Rutgers University are two such examples. US News and World Report ranks the aerospace

engineering programs at the Massachusetts Institute of Technology, Georgia Institute of

Technology, and the University of Michigan within the top three best programs for doctorate

granting universities. However, other top programs within the ten best in the United States

include those of Stanford University, Texas A&M University, the University of Texas at Austin,

Purdue University and the University of Illinois. The magazine also rates Embry-Riddle
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Aeronautical University, and United States Air Force Academy as the premier aerospace

engineering programs at universities that do not grant doctorate degrees.

3. Popular culture

The term "rocket scientist" is at times used to describe a person of higher than average

intelligence. Aerospace engineering has also been represented as the more "glittery" pinnacle of

engineering. The movie Apollo 13 depicts the ground team as a group of heroes in a Hollywood

fashion glorifying the intelligence and competence of white shirt and tie professionals. This was

later extended in more detail in the 1998 HBO miniseries From the Earth to the Moon.

Topic : Preliminary Estimate Of Take-Off Weight

Topic Objective:

At the end of this topic student will able to learn:

 Maximum Takeoff Weight

 Maximum permissible takeoff weight

 Wing bending relief

 Maximum Zero Fuel Weight in airplane operations

 Zero Fuel Weight
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Definition/Overview:

Maximum Takeoff Weight: The Maximum Takeoff Weight or Maximum Takeoff Mass of an

aircraft is the maximum weight at which the pilot of the aircraft is allowed to attempt to take off.

Key Points:

1. Maximum Takeoff Weight

The Maximum Takeoff Weight is the heaviest weight at which the aircraft has been shown to

meet all the airworthiness requirements applicable to it. The airworthiness requirements include

many related to strength of the structure, and performance. At its Maximum Takeoff Weight an

aircraft complies with all the structural and performance requirements applicable to aircraft in its

class.

The Maximum Takeoff Weight of an aircraft is fixed. It does not vary with altitude or air

temperature or the length of the runway to be used for takeoff or landing. (A different weight,

called the maximum permissible takeoff weight, or the regulated takeoff weight, varies according

to flap setting, altitude, air temperature, length of runway and other factors. It is different from

one takeoff to the next, but can never be higher than the Maximum Takeoff Weight.)

Certification standards applicable to the airworthiness of an aircraft contain many requirements.

Some of these requirements can only be met by specifying a maximum weight for the aircraft,

and demonstrating that the aircraft can meet the requirement at all weights up to, and including,

the specified maximum. These requirements include:
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 Structural requirements - to ensure the aircraft structure is capable of withstanding all the

loads likely to be imposed on it during maneuvering by the pilot, and gusts experienced

in turbulent atmospheric conditions.

 Performance requirements - to ensure the aircraft is capable of climbing at an adequate

gradient with all its engines operating; and also with one engine inoperative.

At the Maximum Takeoff Weight, all aircraft of a type and model must be capable of complying

with all these certification requirements. For example, consider a wide-body civil airliner

designed and manufactured in the USA. Large civil airliners in the USA require airworthiness

certificates in the transport category. The airworthiness requirements for airplanes in the

transport category are specified in Part 25 of the US Federal Aviation Regulations (FAR). Part

25 is titled Airworthiness Standards: Transport Category Airplanes. The Maximum Takeoff

Weight of a transport category airplane is the maximum weight at which the airplane has been

demonstrated to comply with all the requirements specified in Part 25 of the FAR.

2. Maximum permissible takeoff weight

In many circumstances an aircraft may not be permitted to take off at its Maximum Takeoff

Weight. In these circumstances the maximum weight permitted for takeoff will be determined

taking account of the following:

 Wing flap setting.

 Airfield altitude (height above sea-level) - This affects air pressure which affects

maximum engine power or thrust.

 Air temperature - This affects air density which affects maximum engine power or thrust.

 Length of Runway - A short runway means the aircraft has less distance to accelerate to

takeoff speed.
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 Runway wind component - The best condition is a strong headwind straight along the

runway. The worst condition is a tailwind. If there is a crosswind it is the wind

component along the runway which must be taken into account.

 Condition of Runway - The best runway for taking off is a dry, paved runway. An

unpaved runway or one with traces of snow will provide more rolling friction which will

cause the airplane to accelerate more slowly.

 Obstacles - An airplane must be able to take off and gain enough height to clear all

obstacles and terrain beyond the end of the runway.

The maximum weight at which a takeoff may be attempted, taking into account the above

factors, is called the maximum permissible takeoff weight, or the regulated takeoff weight.

Neither of these names is defined in aviation standards so the names are informal, and there are

other names too.

3. Zero Fuel Weight

The Zero Fuel Weight (ZFW) of an airplane is the total weight of the airplane and all its

contents, minus the total weight of the fuel on board. For example, if an airplane is flying at a

weight of 5,000 lb and the weight of fuel on board is 500 lb, the Zero Fuel Weight is 4,500 lb.

Some time later, after 100 lb of fuel has been consumed by the engines, the total weight of the

airplane is 4,900 lb and the weight of fuel is 400 lb. The Zero Fuel Weight is still 4,500 lb.

Note that, as a flight progresses and fuel is consumed, the total weight of the airplane reduces,

but the Zero Fuel Weight remains constant (unless some part of the load, such as parachutists or

stores, is jettisoned in flight). For many types of airplane, the airworthiness limitations include a

Maximum Zero Fuel Weight.
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4. Maximum Zero Fuel Weight in airplane operations

When an airplane is being loaded with crew, passengers, baggage and freight it is most important

to ensure that the Zero Fuel Weight does not exceed the Maximum Zero Fuel Weight. When an

airplane is being loaded with fuel it is most important to ensure that the Takeoff Weight will not

exceed the maximum permissible takeoff weight.

MZFW : The maximum weight of an aircraft prior to fuel being loaded.

ZFW + FOB = TOW

For any aircraft with a defined Maximum Zero Fuel Weight, the maximum payload can be

calculated as the MZFW minus the OEW (Operational Empty Weight)

MaxPayload = MZFW − OEW

5. Wing bending relief

In an airplane, fuel is usually carried in the wings. This weight does not contribute as

significantly to the bending moment in the wing as does weight in the fuselage. This is because

the lift on the wings and the weight of the fuselage bend the wing tips upwards and the wing

roots downwards; but the weight of the wing, including the weight of fuel in the wing, bend the

wing tips downwards, providing relief to the bending effect on the wing.

When an airplane is being loaded the capacity for extra weight in the wing is greater than the

capacity for extra weight in the fuselage. Designers of airplanes can optimise the Maximum

Takeoff Weight and prevent overloading in the fuselage by specifying a Maximum Zero Fuel

Weight. This is usually done for large airplanes.
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Most small airplanes do not have a Maximum Zero Fuel Weight specified among their

limitations. For these airplanes, the loading case that must be considered when determining the

Maximum Takeoff Weight is the airplane with zero fuel and all disposable load in the fuselage.

With zero fuel in the wing the only wing bending relief is due to the weight of the wing.

Topic : Wing Loading Selection

Topic Objective:

At the end of this topic student will able to learn:

 Wing Loading

 Range of wing loadings

 Effect on performance

 Effect on climb rate and cruise performance

 Effect on turning performance

 Effect on stability

 Effect of development

 Water ballast use in gliders

 Design considerations

Definition/Overview:

Wing Loading: In aerodynamics, wing loading is the loaded weight of the aircraft divided by

the area of the wing. It is broadly reflective of the aircraft's lift-to-mass ratio, which affects its

rate of climb, load-carrying ability, and turn performance.
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Key Points:

1. Units

Aircraft "weights" are always given as masses, i.e. in units like lbs or kg, so wing loadings are

nearly always given in either lb/ft2 or kg/m2. Occasionally weight (force) units replace mass, so

then the wing loading is in N/m2. To get from lb/ft2 to kg/m2, multiply by 4.88; to get from

kg/m2 to N/m2, multiply by 9.81.

2. Range of wing loadings

Typical aircraft wing loadings range from 20 lb/ft (100 kg/m) for general aviation aircraft, to 80

to 120 lb/ft (390 to 585 kg/m) for high-speed designs like modern fighter aircraft. The critical

limit for bird flight is about 5 lb/ft (25 kg/m)

3. Effect on performance

Wing loading is a useful measure of the general maneuvering performance of an aircraft. Wings

generate lift owing to the motion of air over the wing surface. Larger wings move more air, so an

aircraft with a large wing area relative to its mass (i.e., low wing loading) will have more lift at

any given speed. Therefore, an aircraft with lower wing loading will be able to take off and land

at a lower speed (or be able to take off with a greater load).
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4. Effect on climb rate and cruise performance

Wing loading has an effect on an aircraft's climb rate. A lighter loaded wing will have a superior

rate of climb compared to a heavier loaded wing as less airspeed is required to generate the

additional lift to increase altitude. A lightly loaded wing has a more efficient cruising

performance because less thrust is required to maintain lift for level flight.

5. Effect on turning performance

To turn, an aircraft must roll in the direction of the turn, increasing the aircraft's bank angle.

Turning flight lowers the wing's lift component against gravity and hence causes a descent. To

compensate the lift force must be increased by increasing the angle of attack by use of up

elevator deflection which increases drag. Turning can be described as 'climbing around a circle'

(wing lift is diverted to turning the aircraft) so the increase in wing angle of attack creates even

more drag. The tighter the turn radius attempted, the more drag induced, this requires that power

(thrust) be added to overcome the drag. The maximum rate of turn possible for a given aircraft

design is limited by its wing size and available engine power: the maximum turn the aircraft can

achieve and hold is its sustained turn performance. As the bank angle increases so does the g-

force applied to the aircraft, this has the effect of increasing the wing loading and also the

stalling speed. This effect is also experienced during level pitching manouevres.

Aircraft with low wing loadings tend to have superior sustained turn performance because they

can generate more lift for a given quantity of engine thrust. The immediate bank angle an aircraft

can achieve before drag seriously bleeds off airspeed is known as its instantaneous turn

performance. An aircraft with a small, highly loaded wing may have superior instantaneous turn

performance, but poor sustained turn performance: it reacts quickly to control input, but its

ability to sustain a tight turn is limited. A classic example is the F-104 Starfighter, which has a

very small wing and high wing loading. At the opposite end of the spectrum was the gigantic
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Convair B-36. Its large wings resulted in a low wing loading, and there are disputed claims that

this made the bomber more agile than contemporary jet fighters at high altitude.

All else being equal, a larger wing generates more drag than a small one. The construction of a

large wing also tends to be thicker, which further increases drag. This drag reduces the aircraft's

acceleration, particularly at supersonic speeds. A smaller, thinner wing will produce less drag,

making it more suitable for high-speed flight (albeit at the cost of higher take-off speeds and

reduced turning performance).

6. Effect on stability

Wing loading also affects gust response, the degree to which the aircraft is affected by

turbulence and variations in air density. A small wing has less area on which a gust can act, both

of which serve to smooth the ride. For high-speed, low-level flight (such as a fast low-level

bombing run in an attack aircraft), a small, thin, highly loaded wing is preferable: aircraft with a

low wing loading are often subject to a rough, punishing ride in this flight regime. The F-15E

Strike Eagle has been criticized for its ride quality, as have most delta wing aircraft (such as the

Dassault Mirage III), which tend to have large wings and low wing loading.

7. Effect of development

A further complication with wing loading is that it is difficult to substantially alter the wing area

of an existing aircraft design (although modest improvements are possible). As aircraft are

developed they are prone to "weight growth" -- the addition of equipment and features that

substantially increase the operating mass of the aircraft. An aircraft whose wing loading is

moderate in its original design may end up with very heavy wing loading as new equipment is

added. Although engines can be replaced or upgraded for additional thrust, the effects on turning

and takeoff performance resulting from higher wing loading are not so easily reconciled.
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8. Water ballast use in gliders

Modern gliders often use water ballast carried in the wings to increase wing loading when

soaring conditions are strong. By increasing the wing loading the lift-to-drag ratio is increased at

higher airspeeds. The ballast can be dumped overboard when conditions weaken.

9. Design considerations

9.1.Fuselage lift

A blended wing-fuselage design such as that found on the F-16 Fighting Falcon or MiG-29

Fulcrum helps to reduce wing loading; in such a design the fuselage generates aerodynamic

lift, thus improving wing loading while maintaining high performance.

9.2.Variable-sweep wing

Aircraft like the F-14 Tomcat and the Panavia Tornado employ variable-sweep wings. As

their wing area varies in flight so does the wing loading (although this is not the only

benefit). In the swept forward position takeoff and landing performance is greatly improved.

In Section 2 of this course you will cover these topics:
Main Wing Design

Fuselage Design

Horizontal And Vertical Tail Design
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Topic : Main Wing Design

Topic Objective:

At the end of this topic student will able to learn:

 Flying Wing

 History

 Design issues

 Directional stability

 Yaw Control

 Borderline cases

Definition/Overview:

Flying Wing: A flying wing is a fixed-wing aircraft which has no definite fuselage, with most

of the crew, payload and equipment being housed inside the main wing structure.

Key Points:

1. Flying Wing

A flying wing may have various small protuberances such as pods, nacelles, blisters, booms,

vertical stabilisers (tail fins), or undercarriage. Some aircraft have no fuselage but do have a

separate horizontal stabiliser surface mounted on one or more booms; these are also commonly
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referred to as flying wings, although this is not strictly correct. An example of such a design is

the Northrop X216H.

Theoretically the flying wing is the most efficient aircraft configuration from the point of view of

aerodynamics and structural weight. It is argued that the absence of any aircraft components

other than the wing should naturally provide these benefits. However in practice an aircraft's

wing must provide for flight stability and control; this imposes additional constraints on the

aircraft design problem. Therefore, the expected gains in weight and drag reduction may be

partially or wholly negated due to design compromises needed to provide stability and control.

Alternatively, and more commonly, a flying wing type may suffer from stability and control

problems.

2. History

The US-produced B-2 Spirit, a strategic bomber capable of intercontinental missions.

Tailless aircraft have been experimented with since Man's earliest attempts to fly. But it was not

until the deep-chord monoplane wing became practicable after World War I that the opportunity

to discard any form of fuselage arose and the true flying wing could be realised.

Hugo Junkers patented a wing-only air transport concept in 1910. He saw it as a natural solution

to the problem of building an airliner large enough to carry a reasonable passenger load and

enough fuel to cross the Atlantic in regular service. He believed that flying wing's potentially

large internal volume and low drag made it "a natural" for this role, In 1919 he started work on

his "Giant" JG1 design, intended to seat passengers within thick wings, but two years later the

Allied Aeronautical Commission of Control ordered the incomplete JG1 destroyed for exceeding

post-war size limits on German aircraft. Junkers conceived futuristic flying wings for up to 1,000

passengers; the nearest this came to realization was in the 1931 Junkers G-38 34-seater
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Grossflugzeug airliner which featured a large thick-chord wing providing space for fuel, engines

and two passenger cabins. However it still required a short fuselage ending in a double tail, and

containing the crew and additional passengers.

The flying wing configuration was studied extensively in the 1930s and 1940s, notably by Jack

Northrop and Cheston L. Eshelman in the United States, and Alexander Lippisch and the Horten

brothers in Germany.

Several late-war German military designs were based on the flying wing concept (or variations

of it) as a proposed solution to extend the range of the otherwise very short-range jet engined

aircraft. Most famous of these would be the Horten Ho 229 fighter. This aircraft, first flown in

1944, combined a flying wing, or Nurflgel, design with twin jet engines. The surviving prototype

remains in storage with the Smithsonian Institute in an unrestored state.

After the war, a number of experimental designs were based on the flying wing concept, but the

known difficulties remained intractable. Some general interest continued until the early 1950s,

when the concept was proposed as a design solution for long range bombers. Such trends

culminated in the Northrop YB-35 and YB-49, which did not enter production. Those designs

did not necessarily offer a great advantage in range and presented a number of technical

problems, leading to the adoption of "conventional" solutions like the Convair B-36 and the B-52

Stratofortress.

Interest in flying wings was renewed in the 1980s due to their potentially low radar reflection

cross-sections. Stealth technology relies on shapes which only reflect radar waves in certain

directions, thus making the aircraft hard to detect unless the radar receiver is at a specific

position relative to the aircraft - a position that changes continuously as the aircraft moves. This
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approach eventually led to the Northrop B-2 Spirit stealth bomber. In this case the aerodynamic

advantages of the flying wing are not the primary needs. However, modern computer-controlled

fly-by-wire systems allowed for many of the aerodynamic drawbacks of the flying wing to be

minimized, making for an efficient and stable long-range bomber.

Due to the practical need for a deep wing, the flying wing concept is most practical for designs in

the slow-to-medium speed range, and there has been continual interest in using it as a tactical

airlifter design. Boeing continues to work on paper projects for a Blended Wing Body Lockheed

C-130 Hercules sized transport with better range and about 1/3rd more load, while maintaining

the same size characteristics. A number of companies, including Boeing, McDonnell Douglas

and de Havilland did considerable design work on flying-wing airliners, but to date none have

entered production.

3. Design issues

A clean flying wing is theoretically the most aerodynamically efficient (lowest drag) design

configuration for a fixed wing aircraft. It also offers high structural efficiency for a given wing

depth, leading to light weight and high fuel efficiency.

Because it lacks conventional stabilising surfaces or the associated control surfaces, in its purest

form the flying wing suffers from two inherent disadvantages, being inherently unstable and

difficult to control. The inevitable compromises are difficult to achieve and can reduce or even

negate the expected reductions in weight and drag. Alternatively, the final design may still be too

unsafe for certain uses such as commercial aviation.
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Further difficulties arise from the problem of fitting the pilot, engines, flight equipment and

payload within the depth of the wing section. If the wing is made deep enough, then the frontal

area increases and can result in higher drag and slower speed than a conventional design. If the

wing is kept reasonably thin, then the aircraft must be fitted with an assortment of blisters, pods,

nacelles, fins and so forth to accommodate all the needs of a practical aircraft - and this is usually

the solution adopted.

4. Directional stability

For any aircraft to fly without constant correction it must have directional stability in yaw. Flying

wings lack the long fuselage which provides a convenient attachment point for an efficient

vertical stabiliser or tail fin. The fin must attach directly on to the rear part of the wing, giving a

small moment arm from the aerodynamic center, which in turn means that to be effective the fin

area must be large. This has weight and drag penalties, and can negate the advantages of the

flying wing. The problem can be minimised by increasing the leading edge sweepback, as for

example in a low-aspect-ratio delta wing, but most flying wings have gentler sweepback and

consequently at best marginal stability. In the so called ruptured duck configuration, the wing tip

sections are angled sharply downwards (anhedral), increasing the area at the rear of the aircraft

when viewed from the side.

5. Yaw Control

But in most flying wing designs, the stabilising fins are so far forward that any control rudders

mounted on them have little effect. Alternative means for yaw control must be provided. The

only practical solution is differential drag: the drag near one wing tip is artificially increased,

causing the aircraft to yaw in the direction of that wing. Typical solutions include:

 Split ailerons. The top surface moves up while the lower surface moves down, to create

an air brake effect.
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 Spoiler. A spoiler surface in the upper wing skin is raised, to disrupt the airflow and

increase drag. This effect is generally accompanied by a loss of lift, which must be

compensated for either by the pilot or by complex design features.

 Spoileron. An upper surface spoiler which also acts to reduce lift (equivalent to deflecting

an aileron upwards), so causing the aircraft to bank in the direction of the turn - the angle

of roll causes the wing lift to act in the direction of turn, reducing the amount of drag

required to turn the aircraft's longitudinal axis.

A consequence of the differential drag method is that if the aircraft manoeuvers frequently then it

will frequently create drag. So flying wings are at their best when cruising in still air: in turbulent

air or when changing course, the aircraft may be less efficient than a conventional design.

6. Borderline cases

Some aircraft have no fuselage but do have a horizontal stabiliser mounted on one or more

booms. Strictly, these are not flying wings although they are usually referred to as such. An

example is the Northrop X-216H, which has a tail stabiliser mounted on two tail booms but is

regarded as Northrop's first flying wing type.

Many hang gliders and microlight aircraft are tailless. Although often referred to as flying wings,

these types carry the pilot (and engine where fitted) below the wing structure rather than inside

it, and so are not true flying wings.

An aircraft of sharply-swept delta planform and deep centre section represents a borderline case

between flying wing, blended wing body and/or lifting body configurations.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

21
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Topic : Fuselage Design

Topic Objective:

At the end of this topic student will able to learn:

 Fuselage

 Types of structures

 Box truss structure

 Geodetic construction

 Monocoque shell

 Semi-monocoque

 Exceptions

Definition/Overview:

Fuselage: The fuselage (from the French fusel "spindle-shaped") is an aircraft's main body

section that holds crew and passengers or cargo. In single-engine aircraft it will usually contain

an engine, although in some amphibious aircraft the single engine is mounted on a pylon

attached to the fuselage which in turn is used as a floating hull. The fuselage also serves to

position control and stabilization surfaces in specific relationships to lifting surfaces, required for

aircraft stability and maneuverability.
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Key Points:

1. Fuselage

The fuselage (from the French fusel "spindle-shaped") is an aircraft's main body section that

holds crew and passengers or cargo. In single-engine aircraft it will usually contain an engine,

although in some amphibious aircraft the single engine is mounted on a pylon attached to the

fuselage which in turn is used as a floating hull. The fuselage also serves to position control and

stabilization surfaces in specific relationships to lifting surfaces, required for aircraft stability and

maneuverability.

2. Types of structures

2.1.Box truss structure

The structural elements resemble those of a bridge, with emphasis on using linked triangular

elements. The aerodyamic shape is completed by additional elements called formers and

stringers and is then covered with fabric and painted. Most early aircraft used this technique

with wood and wire trusses and this type of structure is still in use in many lightweight

aircraft using welded steel tube trusses. This method is especially suitable for amateur-built

aircraft kits, where a complete welded truss structure is delivered with the fitting of other

components, covering, and finishing completed by the user, as it ensures that a robust,

uniform load bearing structure is within the completed aircraft.

2.2.Geodetic construction

Geodetic structural elements were used by Barnes Wallis for British Vickers between the

wars and into World War II to form the whole of the fuselage, including its aerodynamic
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shape. In this type of construction multiple flat strip stringers are wound about the formers in

opposite spiral directions, forming a basket-like appearance. This proved to be light, strong,

and rigid and had the advantage of being made almost entirely of wood. The structure is also

redundant and so can survive localized damage without catastrophic failure. A fabric

covering over the structure completed the aerodynamic shell. The logical evolution of this is

the creation of fuselages using molded plywood, in which multiple sheets are laid with the

grain in differing directions to give the monocoque type below.

2.3.Monocoque shell

In this method, the exterior surface of the fuselage is also the primary structure. A typical

early form of this was built using molded plywood, where the layers of plywood are formed

over a "plug" or within a mold. A later form of this structure uses fiberglass cloth

impregnated with polyester or epoxy resin, instead of plywood, as the skin. A simple form of

this used in some amateur-built aircraft uses rigid expanded foam plastic as the core, with a

fiberglass covering, eliminating the necessity of fabricating molds, but requiring more effort

in finishing. An example of a larger molded plywood aircraft is the de Havilland Mosquito

fighter/light bomber of World War II. It should be noted that no plywood-skin fuselage is

truly monocoque, since stiffening elements are incorporated into the structure to carry

concentrated loads that would otherwise buckle the thin skin. The use of molded fiberglass

using negative ("female") molds (which give a nearly finished product) is prevalent in the

series production of many modern sailplanes. The use of molded composites for fuselage

structures is being extended to large passenger aircraft such as the Boeing 787 Dreamliner

(using pressure-molding on female molds).
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2.4.Semi-monocoque

This is the preferred method of constructing an all-aluminum fuselage. First, a series of

frames in the shape of the fuselage cross sections are held in position on a rigid fixture, or jig.

These frames are then joined with lightweight longitudinal elements called stringers. These

are in turn covered with a skin of sheet aluminum, attached by riveting or by bonding with

special adhesives. The fixture is then disassembled and removed from the completed fuselage

shell, which is then fitted out with wiring, controls, and interior equipment such as seats and

luggage bins. Most modern large aircraft are built using this technique, but use several large

sections constructed in this fashion which are then joined with fasteners to form the complete

fuselage. As the accuracy of the final product is determined largely by the costly fixture, this

form is suitable for series production, where a large number of identical aircraft are to be

produced. Early examples of this type include the Douglas Aircraft DC-2 and DC-3 civil

aircraft and the Boeing B-17 Flying Fortress. Most metal light aircraft are constructed using

this process.

Both monocoque and semi-monocoque are referred to as "stressed skin" structures as all or a

portion of the external load (i.e. from wings and empennage, and from discrete masses such

as the engine) is taken by the surface covering. In addition, all the load from internal

pressurization is carried (as skin tension) by the external skin.

3. Exceptions

"Flying wing" aircraft, such as the Northrop YB-49 Flying Wing and the Northrop B-2 Spirit

bomber have no separate fuselage; instead what would be the fuselage is a thickened portion of

the wing structure. Conversely there have been a small number of aircraft designs which have no
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separate wing, but use the fuselage to generate lift. Examples include NASA's experimental

lifting body designs and the Vought XF5U-1 Flying Flapjack.

Topic : Horizontal And Vertical Tail Design

Topic Objective:

At the end of this topic student will able to learn:

 Vertical Stabilizers

 Delta Wing

 Primary Advantage

 Disadvantages

 Types of vertical stabilizers

 Multiple stabilizers

Definition/Overview:

Vertical Stabilizers: The vertical stabilizers, or fins, of aircraft, missiles or bombs are typically

found on the aft end of the fuselage or body, and are intended to control yaw.
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Key Points:

1. Delta Wing

The delta wing is a wing planform in the form of a triangle, named after the Greek uppercase

delta which is a triangle (Δ). Its use in the so called "tailless delta", i.e. without the horizontal

tailplane, was pioneered especially by Alexander Lippisch in Germany prior to WWII, although

none of his designs saw widespread service. After the war he moved to the United States where

he worked at Convair. After the war the tailless delta became the favoured design for high-speed

use, and was used (almost to the exclusion of other planforms) by Convair and Dassault in

France. A number of British designs also used the delta, including the Avro Vulcan bomber. This

early use of tailless delta wing aircraft was augmented by the tailed delta configuration created in

the TsAGI (Central Aero and Hydrodynamic Institute, Moscow), taking advantage of both high

angle-of-attack (i.e., manoeuvre) capability and high speeds. It was used on the MiG-21

(Fishbed) and Sukhoi Su-9/Su-11/15 fighters, built in tens of thousands.

More recently, with the advent of aircraft with relaxed or no natural stability, and the therefore

necessary computer controlled/assisted control systems (fly-by-wire, or FBW), the horizontal

control surfaces are often moved forward to become a canard in front of the wing to control the

aeroplane as the normal elevator does. This favorably modifies the airflow over the wing, most

notably during lower altitude flight. In contrast to the classic tail-mounted elevators, the canards

add to the total lift, enabling the execution of extreme maneuvers, improving low-speed

handling, lowering the landing speed, or the marked reduction of drag. An example of a canard-

equipped delta-winged aircraft is the Tu-144.

2. Primary Advantage

The primary advantage of the delta wing design is that the wing's leading edge remains behind

the shock wave generated by the nose of the aircraft when flying at supersonic speeds, which is
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an improvement on traditional wing designs. While this is also true of highly swept wings, the

delta's planform carries across the entire aircraft, allowing it to be built much more strongly than

a swept wing, where the spar meets the fuselage far in front of the center of gravity. Generally a

delta will be stronger than a similar swept wing, as well as having much more internal volume

for fuel and other storage.

The delta-winged Convair F-106 Delta Dart also employs an area ruled fuselage

Another advantage is that as the angle of attack increases the leading edge of the wing generates

a vortex which remains attached to the upper surface of the wing, giving the delta a very high

stall angle. A normal wing built for high speed use is typically dangerous at low speeds, but in

this regime the delta changes over to a mode of lift based on the vortex it generates. Additional

advantages of the delta wing are simplicity of manufacture, strength, and substantial interior

volume for fuel or other equipment. Because the delta wing is simple, it can be made very robust

(even if it is quite thin), and it is easy and relatively inexpensive to build - a substantial factor in

the success of the MiG-21 and Mirage aircraft.

Alexander Lippisch, Frenchman Payen, and the DFS (German Institute of Flight) studied a

number of ramjet powered (sometimes coal-fueled) delta-wing interceptor aircraft during the

war, one progressing as far as a glider prototype.prototype test footage After the war, Lippisch

was taken to the US, where he worked at Convair. The Convair engineers became very interested

in his interceptor designs, and started work on a larger version known as the F-92. This project

was eventually cancelled as impractical, but a prototype flying testbed was almost complete by

that point, and was later flown as the XF-92. The design generated intense interest around the

world. Soon many aircraft designs, particularly interceptors, were designed around a delta wing.
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3. Disadvantages

The disadvantages, especially marked in the older tailless delta designs, are a loss of total

available lift caused by turning up the wing trailing edge or the control surfaces (as required to

achieve a sufficient stability) and the high induced drag of this low-aspect ratio type of wing.

This causes delta-winged aircraft to 'bleed off' energy very rapidly in turns, a disadvantage in

aerial maneuver combat and dogfighting.

Pure deltas fell out of favour somewhat due to their undesirable characteristics, notably flow

separation at high angles of attack (swept wings have similar problems), and high drag at low

altitudes. This limited them primarily to high-speed, high-altitude interceptor roles. Some

modern aircraft, like the F-16, use a cropped delta along with horizontal tail surfaces. A

modification, the compound delta such as seen on the Saab Draken fighter or the prototype F-

16XL "Cranked Arrow", or the ogee delta used on the Anglo-French Concorde Mach 2 airliner,

connected another much more highly swept piece of the delta wing to the forward root section of

the main one, to create the high-lift vortex in a more controlled fashion, reduce the drag and

thereby allow for landing the delta at acceptably slow speed.

As the performance of jet engines grew, fighters with other planforms could perform as well as

deltas, and do so while maneuvering much harder and at a wider range of altitudes. Today a

remnant of the compound delta can be found on most fighter aircraft, in the form of leading edge

extensions. These are effectively very small delta wings placed so they remain parallel to the

airflow in cruising flight, but start to generate a vortex at high angles of attack. The vortex is then

captured on the top of the wing to provide additional lift, thereby combining the delta's high-

alpha performance with a conventional highly efficient wing planform. Many modern fighter

aircraft, such as the JAS 39 Gripen and the Eurofighter Typhoon use a combination of canards

and a delta wing.
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4. Vertical Stabilizers

The vertical stabilizers, or fins, of aircraft, missiles or bombs are typically found on the aft end of

the fuselage or body, and are intended to control yaw.

5. Types of vertical stabilizers

5.1.Conventional tail

The vertical stabilizer is mounted exactly vertically, and the horizontal stabilizer is directly

mounted to the empennage (the rear fuselage). This is the most common vertical stabilizer

configuration.

5.2.T-tail

A T-tail has the horizontal stabilizer mounted at the top of the vertical stabilizer. It is

commonly seen on rear-engine aircraft, such as the Bombardier CRJ200 or Douglas DC-9, as

well as the Silver Arrow small airplane, and most high performance gliders. The only

operational fighter aircraft to use the T-tail configuration were the McDonnell F-101 Voodoo

and the Lockheed F-104 Starfighter. T-tails are often incorporated on configurations with

fuselage mounted engines to keep the tail away from the engine exhaust plume.

T-tail aircraft are more susceptible to pitch-up at high angles of attack. This pitch-up results

from a reduction in the horizontal tail's lifting capability as it passes through the wake of the

wing at moderate angles of attack. T-tails present structural challenges since the horizontal

tail loads must be transmitted through the vertical tail.
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5.3.Cruciform tail

The cruciform tail is arranged like a cross, the most common configuration has the horizontal

stabilizer intersecting the vertical tail somewhere near the middle. The PBY Catalina uses

this configuration. The "push-pull" twin engined Dornier Do 335 World War II German

fighter used a cruciform tail consisting of four separate surfaces, arranged in dorsal, ventral,

and both horizontal locations, to form its cruciform tail, just forward of the rear propeller.

6. Multiple stabilizers

6.1.Twin tail

Rather than a single vertical stabilizer, a twin tail has two. These are vertically arranged, and

intersect or are mounted to the ends of the horizontal stabilizer. The Beechcraft Model 18 and

many modern military aircraft such as the American F-14, F-15, and F-18 use this

configuration. The F-18 and F-22 Raptor have tailfins that are canted outward, to the point

that they have some authority as horizontal control surfaces; both aircraft are designed to

deflect their rudders inward during takeoff to increase pitching moment.

6.2.Triple tail

A variation on the twin tail, it has three vertical stabilizers. The best example of this

configuration is the Lockheed Constellation. On the Constellation it was done to give the

airplane maximum vertical stabilizer area, but keep the overall height low enough so that it

could fit into maintenance hangars.
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6.3.V-tail

A V-tail has no distinct vertical or horizontal stabilizers. Rather, they are merged into control

surfaces known as ruddervators which control both pitch and yaw. The arrangement looks

like the letter V, and is also known as a butterfly tail. The Beechcraft Bonanza Model 35 uses

this configuration, as does the F-117 Nighthawk, and many of Richard Schreder's HP series

of homebuilt gliders.

6.4.Winglet

Winglets served double duty on Burt Rutan's rear wing forward canard pusher configuration

VariEze and Long-EZ, acting as both a wingtip device and a vertical stabilizer. Several other

derivatives of these and other similar aircraft use this design element.

In Section 3 of this course you will cover these topics:
Engine Selection

Take-Off And Landing

Enhanced Lift Design

Topic : Engine Selection

Topic Objective:

At the end of this topic student will able to learn:

 Aircraft Engine

 Engine design considerations

 Fuel

 Shaft engines
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 In-line engine

 Rotary engine

 V-type engine

 Radial engine

 Opposed engine

 Turboprop

 Turboshaft

Definition/Overview:

Aircraft Engine: An aircraft engine is a propulsion system for an aircraft. Aircraft engines are

almost always either lightweight piston engines or gas turbines.

Key Points:

1. Engine design considerations

The process of developing an engine is one of compromises. Engineers design specific attributes

into engines to achieve specific goals. Aircraft are one of the most demanding applications for an

engine, presenting multiple design requirements, many of which conflict with each other. An

aircraft engine must be:

 Reliable, as losing power in an airplane is a substantially greater problem than an

automobile engine seizing. Aircraft engines operate at temperature, pressure, and speed

extremes, and therefore need to operate reliably and safely under all these conditions.
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 Lightweight, as a heavy engine increases the empty weight of the aircraft & reduces its

payload.

 Powerful, to overcome the weight and drag of the aircraft.

 Small and easily streamlined; large engines with substantial surface area, when installed,

create too much drag, wasting fuel and reducing power output.

 Repairable, to keep the cost of replacement down. Minor repairs should be relatively

inexpensive.

 Fuel efficient to give the aircraft the range the design requires.

 Capable of operating at sufficient altitude for the aircraft

Unlike automobile engines, aircraft engines run at high power settings for extended periods of

time. In general, the engine runs at maximum power for a few minutes during taking off, then

power is slightly reduced for climb, and then spends the majority of its time at a cruise

settingtypically 65% to 75% of full power. In contrast, a car engine might spend 20% of its time

at 65% power accelerating, followed by 80% of its time at 20% power while cruising. The power

of an internal combustion reciprocating or turbine aircraft engine is rated in units of power

delivered to the propeller (typically horsepower) which is torque multiplied by crankshaft

revolutions per minute (RPM). The propeller converts the engine power to thrust horsepower or

thp in which the thrust is a function of the blade pitch of the propeller relative to the velocity of

the aircraft. Jet engines are rated in terms of thrust, usually the maximum amount achieved

during takeoff.

The design of aircraft engines tends to favor reliability over performance. Long engine operation

times and high power settings, combined with the requirement for high-reliability means that

engines must be constructed to support this type of operation with ease. Aircraft engines tend to

use the simplest parts possible and include two sets of anything needed for reliability.

Independence of function lessens the likelihood of a single malfunction causing an entire engine
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to fail. For example, reciprocating engines have two independent magneto ignition systems, and

the engine's mechanical engine-driven fuel pump is always backed-up by an electric pump.

Aircraft spend the vast majority of their time travelling at high speed. This allows an aircraft

engine to be air cooled, as opposed to requiring a radiator. In the absence of a radiator, aircraft

engines can boast lower weight and less complexity. The amount of air flow an engine receives

is usually carefully designed according to expected speed and altitude of the aircraft in order to

maintain the engine at the optimal temperature.

Aircraft operate at higher altitudes where the air is less dense than at ground level. As engines

need oxygen to burn fuel, a forced induction system such as turbocharger or supercharger is

especially appropriate for aircraft use. This does bring along the usual drawbacks of additional

cost, weight and complexity.

Propellant

2. Fuel

All aviation fuel is produced to stringent quality standards to avoid fuel-related engine failures.

Aviation standards for octane ratings and vapor pressure are much more strict than those for road

vehicle fuel, because an aircraft engine must meet a strictly defined level of performance under

known conditions. These high standards mean that aviation fuel costs much more than fuel used

for road vehicles. Aircraft piston engines are typically designed to run on Avgas. Avgas has a

higher octane rating compared to automotive gasoline, allowing a higher compression ratio and

thus more power out of an engine with the same engine displacement. Currently the most

common Avgas is 100LL, which refers to the octane rating (100 octane) and the lead content (LL

= Low Lead). Avgas uses tetraethyl lead (TEL) to achieve these high octane ratings, a practice

banned in automobile fuel. The shrinking supply of TEL, and the possibility of environmental
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legislation banning its use, has made a search for replacement fuels for general aviation aircraft a

priority for pilot's organizations. Turbine engines burn various grades of jet fuel, a relatively

heavy and less volatile petroleum derivative similar to diesel fuel.

3. Shaft engines

3.1 In-line engine

This type of engine has cylinders lined up in one row. It typically has an even number of

cylinders, but there are instances of three- and five- cylinder engines. The biggest advantage

of an inline engine is that it allows the aircraft to be designed with a narrow frontal area for

low drag. If the engine crankshaft is located above the cylinders, it is called an inverted inline

engine, which allows the propeller to be mounted up high for ground clearance even with

short landing gear. The disadvantages of an inline engine include a poor power-to-weight

ratio, because the crankcase and crankshaft are long and thus heavy. An in-line engine may

be either air cooled or liquid cooled, but liquid-cooling is more common because it is

difficult to get enough air-flow to cool the rear cylinders directly. Inline engines were

common in early aircraft, including the Wright Flyer, the aircraft that made the first powered

flight. However, the inherent disadvantages of the design soon became apparent, and the

inline design was abandoned, becoming a rarity in modern aviation.

3.2 Rotary engine

Early in World War I, when aircraft were first being used for military purposes, it became

apparent that existing inline engines were too heavy for the amount of power needed.

Aircraft designers needed an engine that was lightweight, powerful, cheap, and easy to

manufacture in large quantities. The rotary engine filled these goals. Rotary engines have all

the cylinders in a circle around the crankcase like a radial engine (see below), but the
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difference is that the crankshaft is bolted to the airframe, and the propeller is bolted to the

engine case. The entire engine rotates with the propeller, providing plenty of airflow for

cooling regardless of the aircraft's forward speed. Some of these engines were a two-stroke

design, giving them a high specific power and power-to-weight ratio. Unfortunately, the

severe gyroscopic effects from the heavy rotating engine made the aircraft very difficult to

fly. The engines also consumed large amounts of castor oil, spreading it all over the airframe

and creating fumes which were nauseating to the pilots. Engine designers had always been

aware of the many limitations of the rotary engine. When the static style engines became

more reliable, gave better specific weights and fuel consumption, the days of the rotary

engine were numbered.

3.3 V-type engine

Cylinders in this engine are arranged in two in-line banks, tilted 30-60 degrees apart from

each other. The vast majority of V engines are water-cooled. The V design provides a higher

power-to-weight ratio than an inline engine, while still providing a small frontal area.

Perhaps the most famous example of this design is the legendary Rolls Royce Merlin engine,

a 27-litre (1649 in3) 60 V12 engine used in, among others, the Spitfires that drove the

Luftwaffe from the skies over England during the Battle of Britain.

3.4 Radial engine

This type of engine has one or more rows of cylinders arranged in a circle around a centrally-

located crankcase. Each row must have an odd number of cylinders in order to produce

smooth operation. A radial engine has only one crank throw per row and a relatively small

crankcase, resulting in a favorable power to weight ratio. Because the cylinder arrangement
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exposes a large amount of the engine's heat radiating surfaces to the air and tends to cancel

reciprocating forces, radials tend to cool evenly and run smoothly.

The lower cylinders, which are under the crankcase, may collect oil when the engine has

been stopped for an extended period. If this oil is not cleared from the cylinders prior to

starting the engine, serious damage due to hydrostatic lock may occur. In military aircraft

designs, the large frontal area of the engine acted as an extra layer of armor for the pilot.

However, the large frontal area also resulted in an aircraft with a blunt and aerodynamically

inefficient profile.

3.5 Opposed engine

An opposed-type engine has two banks of cylinders on opposite sides of a centrally located

crankcase. The engine is either air cooled or liquid cooled, but air cooled versions

predominate. Opposed engines are mounted with the crankshaft horizontal in airplanes, but

may be mounted with the crankshaft vertical in helicopters. Due to the cylinder layout,

reciprocating forces tend to cancel, resulting in a smooth running engine. Unlike a radial

engine, an opposed engine does not experience any problems with hydrostatic lock.

Opposed, air-cooled four and six cylinder piston engines are by far the most common engines

used in small general aviation aircraft requiring up to 400 horsepower (300 kW) per engine.

Aircraft which require more than 400 horsepower (300 kW) per engine tend to be powered

by turbine engines.
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3.6 Turboprop

While military fighters require very high speeds, many civil airplanes do not. Yet, civil

aircraft designers wanted to benefit from the high power and low maintenance that a gas

turbine engine offered. Thus was born the idea to mate a turbine engine to a traditional

propeller. Because gas turbines optimally spin at high speed, a turboprop features a gearbox

to lower the speed of the shaft so that the propeller tips don't reach supersonic speeds. Often

the turbines which drive the propeller are separate from the rest of the rotating components

so that they are free to rotate at their own best speed (referred to as a free-turbine engine). A

turboprop is very efficient when operated within the realm of cruise speeds it was designed

for, which is typically 200 to 400 mph (640 km/h).

3.7 Turboshaft

Turboshaft engines are used primarily for helicopters and auxiliary power units. A turboshaft

engine is very similar to a turboprop, with a key difference: In a turboprop the propeller is

supported by the engine, and the engine is bolted to the airframe. In a turboshaft, the engine

does not provide any direct physical support to the helicopter's rotors. The rotor is connected

to a transmission, which itself is bolted to the airframe, and the turboshaft engine simply

feeds the transmission via a rotating shaft. The distinction is seen by some as a slim one, as in

some cases aircraft companies make both turboprop and turboshaft engines based on the

same design.
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Topic : Take-Off And Landing

Topic Objective:

At the end of this topic student will able to learn:

 Takeoff

 Landing

 Power settings

 Speed required

Definition/Overview:

Takeoff: Takeoff is the phase of flight in which an aircraft goes through a transition from

moving along the ground (taxiing) to flying in the air, usually starting on a runway. For balloons,

helicopters and some specialized fixed-wing aircraft (VTOL aircraft such as the Harrier), no

runway is needed. Takeoff is the opposite of landing.

Landing: Landing is the last part of a flight, where a flying animal, aircraft, or spacecraft returns

to the ground. When the flying object returns to water, the process is called alighting, although it

is commonly called "landing" and "touchdown" as well. A normal aircraft flight would include

several parts of flight including taxi, takeoff, climb, cruise, descent and landing. This article

describes the last portion of flight as the plane, bird, or rocket touches the ground. Landing

occurs after descent.
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Key Points:

4. Power settings

For light aircraft, usually full power is used during takeoff. Large transport category (airliner)

aircraft may use a reduced power for takeoff, where less than full power is applied, in order to

increase passenger comfort, increase engine life or maintenance intervals or avoid VMC

limitation. In some emergency cases, the power used can then be increased to increase the

aircraft's performance. Before takeoff, the engines, particularly piston engines, are routinely run

up at high power to check for engine-related problems. The aircraft is permitted to accelerate to

rotation speed (often referred to as Vr). The term rotation is used because the aircraft pivots

around the axis of its main landing gear while still on the ground, usually due to manipulation of

the flight controls to make this change in aircraft attitude.

The nose is raised to a nominal 520 nose up pitch attitude to increase lift from the wings and

effect liftoff. For most aircraft, attempting a takeoff without a pitch-up would require cruise

speeds while still on the runway.

Fixed-wing aircraft designed for high-speed operation (such as commercial jet aircraft) have

difficulty generating enough lift at the low speeds encountered during takeoff. These are

therefore fitted with high-lift devices, often including slats and usually flaps, which increase the

camber of the wing, making it more effective at low speed, thus creating more lift. These are

deployed from the wing prior to takeoff, and retracted during the climb. They can also be

deployed at other times, such as prior to landing.

The speeds needed for takeoff are relative to the motion of the air (indicated airspeed). A

headwind will reduce the ground speed needed for takeoff, as there is a greater flow of air over

the wings. Typical takeoff air speeds for jetliners are in the 130155 knot range (150180 mph,
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250290 km/h). Light aircraft, such as a Cessna 150, take off at around 55 knots (63 mph, 100

km/h). Ultralights have even lower takeoff speeds. For a given aircraft, the takeoff speed is

usually directly proportional to the aircraft weight; the heavier the weight, the greater the speed

needed. Some aircraft specifically designed for short takeoff and landing can take off at speeds

below 40 knots (74 km/h), and can even become airborne from a standing start when pointed into

a sufficiently strong wind.

5. Speed required

The takeoff speed required varies with air density, aircraft gross weight, and aircraft

configuration (flap and/or slat position, as applicable). Air density is affected by factors such as

field elevation and air temperature. This relationship between temperature, altitude, and air

density can be expressed as a density altitude, or the altitude in the International Standard

Atmosphere at which the air density would be equal to the actual air density.

Operations with transport category aircraft employ the concept of the takeoff V-Speeds, V1, VR

and V2. These speeds are determined not only by the above factors affecting takeoff

performance, but also by the length and slope of the runway and any peculiar conditions, such as

obstacles off the end of the runway. Below V1, in case of critical failures, the takeoff should be

aborted; above V1 the pilot continues the takeoff and returns for landing. After the co-pilot calls

V1, he/she will call Vr or "rotate," marking speed at which to rotate the aircraft. The VR for

transport category aircraft is calculated such as to allow the aircraft to reach the regulatory screen

height at V2. Then, V2 (the safe takeoff speed) is called. This speed must be maintained after an

engine failure to meet performance targets for rate of climb and angle of climb.
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In a single-engine or light twin-engine aircraft, the pilot calculates the length of runway required

to take off and clear any obstacles, to ensure sufficient runway to use for takeoff. A safety

margin can be added to provide the option to stop on the runway in case of a rejected takeoff. In

most such aircraft, any engine failure results in a rejected takeoff as a matter of course, since

even overrunning the end of the runway is preferable to lifting off with insufficient power to

maintain flight.

If an obstacle needs to be cleared, the pilot climbs at the speed for maximum climb angle (Vx),

which results in the greatest altitude gain per unit of horizontal distance travelled. If no obstacle

needs to be cleared, or after an obstacle is cleared, the pilot can accelerate to the best rate of

climb speed (Vy), where the aircraft will gain the most altitude in the least amount of time.

Generally speaking, Vx is a lower speed than Vy, and requires a higher pitch attitude to achieve.

6. Landing

While inflight, the four major forces acting on the object are; lift, thrust, gravity and drag. Flying

is accomplished by generating enough lift to offset gravity to stay in the air. See the picture of

the wing describing the four forces. To land, the airspeed and the rate of descent are reduced to

where the object descends at a slow enough rate to allow for a gentle touch down.

Each different type of flying object generates lift in a different manner. Airplanes, birds and

flying insects use a wing. A bird generates thrust and lift by flapping its wings, and aircraft

generate thrust with some form of an engine. The air passing over the wing of an aircraft

generates lift. A helicopter uses rotary wings to generate lift and changes the angle of the rotor to

generate thrust. Rockets or Vertical Jet engines are also commonly used on speciality aircraft to

generate Lift. Air balloons use a lighter than air gas to generate buoyancy or lift.
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The term landing is also applied to people or objects descending to the ground using a parachute.

These objects are considered to be in a controlled descent instead of actually flying. A parachute

works by capturing air inducing enough drag that the object that is falling hits the ground at a

relatively slow speed. There are many examples of parachutes in nature including the seeds of a

dandelion. People who intentially land using a parachute are called parachutists.

Sometimes, a safe landing is accomplished by using multiple forms of lift, thrust and dampening

systems. The lunar lander used a rocket, landing gear and the legs of the astronauts to land on the

moon. Several Soviet rockets including the Soyuz have used parachutes and airbag landing

systems to dampen the landing on earth.

Aircraft usually land at an airport on a firm runway or helicopter landing pad, generally

constructed of asphalt concrete, concrete, gravel or grass. Aircraft equipped with pontoons are

able to land on water. Aircraft also sometimes use skis to land on snow or ice. For aircraft,

landing is accomplished by slowing down and descending to the runway. This speed reduction is

accomplished by reducing thrust and/or inducing a greater amount of drag using flaps, landing

gear or speed brakes. As the plane approaches the ground, the pilot will execute a flare to induce

a gentle landing.

A flare is performed by rotating the wings where the rate of descent will be reduced often by

adopting a nose-up attitude. The attitude is held until the undercarriage touches the ground, and

the controls are either held until all wheels touch the ground or gently adjusted (in the case of

tail-draggers) to ensure the nose-wheel or tail-wheel lightly touches the runway.

In a small plane, with little crosswind, it is considered a "perfect" landing when contact with the

ground occurs as the forward speed is reduced to the point where there is no longer sufficient
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airspeed to remain aloft. The stall warning is often heard just before landing indicating that this

speed and altitude have been reached. The effect causes a very light touch down for the pilot and

passengers. In large transport category (airliner), aircraft pilots land the aircraft by "flying the

airplane on to the runway." The airspeed and attitude of the plane are adjusted for landing. The

airspeed is kept well above stall speed and at a constant rate of descent. A flare is performed just

before landing and the descent rate is significantly reduced causing a light touch down. Upon

touchdown, spoilers (sometimes called "lift dumpers") are deployed to dramatically reduce the

lift and transfer the aircraft's weight to its wheels, where mechanical braking, such as an

autobrake system, can take effect. Reverse thrust is used by many jet aircraft to help slow down

just after touch-down, redirecting engine exhaust forward instead of back. Some propeller planes

also have this feature, where the blades of the propeller are re-angled to push air forward instead

of back.

Factors such as crosswind where the pilot will use a crab landing or a slip landing will cause

pilots to land slightly faster and sometimes with different attitudes to ensure proper handling and

safety of the plane. Other factors affecting a particular landing might include some or all of the

following partial list; the plane size, wind, weight, runway length, obstacles, ground effects,

weather, runway altitude, air temperature, air pressure, air traffic control, visibility, avionics, and

the overall situation, et cetera.

For example landing, a multi-engine turboprop military (C-130 Hercules) under fire in a grass

field in a war zone, requires different skills and precautions than landing a single engine plane on

a paved runway in uncontrolled airspace, which is different from landing an airliner at a major

airport with the support of air traffic control.
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Pilots follow a course of training to develop the experience to routinely land in each situation.

Professional pilots have extensive training, experience, and certification on the types of planes

they are flying.

Topic : Enhanced Lift Design

Topic Objective:

At the end of this topic student will able to learn:

 Lift Force

 Physical description on an airfoil

 Lift in an established flow

 Bernoulli's principle

 Stages of lift production

 Methods of determining lift

 Common misconceptions

 Coandă Effect

Definition/Overview:

Lift Force: The lift force (or simply lift) is a mechanical force directed perpendicular to the flow

direction that generated by a body as it moves through a fluid (or, equivalently, as a fluid moves

past a body). Lift is commonly associated with the wing of an aircraft, although lift is also

generated by rotors on helicopters, sails and keels on sailboats, hydrofoils, wings on auto racing

cars, and wind turbines. While common meanings of the term "lift" suggest that lift opposes
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gravity, lift is formally defined with respect to the flow direction, not with respect to gravity.

Even so, it is commonly the case that lift will oppose gravity: for example, when an aircraft is in

cruise.

Key Points:

1. Lift Force

In a limited sense, the Coandă effect refers to the tendency of a fluid jet to stay attached to an

adjacent surface that curves away from the flow and the resultant entrainment of ambient air into

the flow. The effect is named for Henri Coandă, the famous Romanian aerodynamicist who

exploited it in many of his patents. The Coandă effect occurs in shear flow e.g. in high-lift

devices such as a blown flap. The mathematical equations describing lift have been well

established since the Wright Brothers experimentally determined a reasonably precise value for

the "Smeaton coefficient" more than 100 years ago, but the practical explanation of what those

equations mean is still controversial, with persistent misinformation and pervasive

misunderstanding.

2. Physical description on an airfoil

The basic definition of lift is simple. However, the mechanisms by which lift is generated are

described by the conservation of mass and the balance of momentum (where the latter is the fluid

dynamics version of Newton's second law). Unfortunately, these principles do not lend

themselves easily to simplification and, as a result, there is no universally-accepted explanation

of how lift is generated, even among experienced aerodynamicists.

To attempt a physical explanation of lift as it applies to an airplane, consider the flow around a 2-

D, symmetric airfoil at positive angle of attack in a uniform free stream. Instead of considering

the case where an airfoil moves through a flow as seen by a stationary observer, it is equivalent
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and simpler to consider the picture when the observer follows the airfoil and the flow moves past

it.

3. Lift in an established flow

If one assumes that the flow naturally follows the shape of an airfoil, as is the usual observation,

then the explanation of lift is rather simple and can be explained primarily in terms of pressures

using Bernoulli's principle (which is derived from Newton's second law) and conservation of

mass, following the development by John D. Anderson in Introduction to Flight.

The image to the right shows the streamlines over a NACA 0012 airfoil computed using

potential flow theory, a simplified model of the real flow. The flow approaching an airfoil can be

divided into two streamtubes, which are defined based on the area between streamlines. By

definition, fluid never crosses a streamline; hence mass is conserved within each streamtube.

One streamtube travels over the upper surface, while the other travels over the lower surface;

dividing these two tubes is a dividing line that intersects the airfoil on the lower surface,

typically near to the leading edge.

The upper stream tube is squashed as it flows up and around the airfoil, the so-called upwash.

From the conservation of mass, the flow speed must increase as the area of the stream tube

decreases. Relatively speaking, the bottom of the airfoil presents less of an obstruction to the free

stream, and often expands as the flow travels around the airfoil, slowing the flow below the

airfoil. (Contrary to the equal transit-time explanation of lift, there is no requirement that

particles that split as they travel over the airfoil meet at the trailing edge. It is typically the case

that the particle traveling over the upper surface will reach the trailing edge long before the one

traveling over the bottom.)
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4. Bernoulli's principle

From Bernoulli's principle, the pressure on the upper surface where the flow is moving faster is

lower than the pressure on the lower surface. The pressure difference thus creates a net

aerodynamic force, pointing upward and downstream to the flow direction. The component of

the force normal to the free stream is considered to be lift; the component parallel to the free

stream is drag. In conjunction with this force by the air on the airfoil, by Newton's third law, the

airfoil imparts an equal-and-opposite force on the surrounding air that creates the downwash.

Measuring the momentum transferred to the downwash is another way to determine the amount

of lift on the airfoil.

5. Stages of lift production

In attempting to explain why the flow follows the upper surface of the airfoil, the situation gets

considerably more complex. To offer a more complete physical picture of lift, consider the case

of an airfoil accelerating from rest in a viscous flow. Lift depends entirely on the nature of

viscous flow past certain bodies: in inviscid flow (i.e. assuming that viscous forces are negligible

in comparison to inertial forces), there is no lift without imposing a net circulation.

When there is no flow, there is no lift and the forces acting on the airfoil are zero. At the instant

when the flow is turned on, the flow is undeflected downstream of the airfoil and there are two

stagnation points on the airfoil (where the flow velocity is zero): one near the leading edge on the

bottom surface another on the upper surface near the trailing edge. The dividing line between the

upper and lower streamtubes mentioned above intersects the body at the stagnation points. Since

the flow speed is zero at these points, by Bernoulli's principle the static pressure at these points is

at a maximum. As long as the second stagnation point is at its initial location on the upper

surface of the wing, the circulation around the airfoil is zero and, in accordance with the

KuttaJoukowski theorem, there is no lift. The net pressure difference between the upper and

lower surfaces is zero.
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The effects of viscosity are contained within a thin layer of fluid called the boundary layer, close

to the body. As flow over the airfoil commences, the flow along the lower surface turns at the

sharp trailing edge and flows along the upper surface towards the upper stagnation point. The

flow in the vicinity of the sharp trailing edge is very fast and the resulting viscous forces cause

the boundary layer to accumulate into a vortex on the upper side of the airfoil between the

trailing edge and the upper stagnation point. This is called the starting vortex. The starting vortex

and the bound vortex around the surface of the wing are two halves of a closed loop. As the

starting vortex increases in strength the bound vortex also strengthens, causing the flow over the

upper surface of the airfoil to accelerate and drive the upper stagnation point towards the sharp

trailing edge. As this happens, the starting vortex is shed into the wake, and is a necessary

condition to produce lift on an airfoil. If the flow were stopped, there would be a corresponding

"stopping vortex". Despite being an idealization of the real world, the vortex system set up

around a wing is both real and observable; the trailing vortex sheet most noticeably rolls up into

wing-tip vortices.

The upper stagnation point continues moving downstream until it is coincident with the sharp

trailing edge (a feature of the flow known as the Kutta condition). The flow downstream of the

airfoil is deflected downward from the free-stream direction and, from the reasoning above in the

basic explanation, there is now a net pressure difference between the upper and lower surfaces

and an aerodynamic force is generated.

6. Methods of determining lift

6.1.Pressure integration

The force on the wing can be examined in terms of the pressure differences above and below

the wing, which can be related to velocity changes by Bernoulli's principle.

The total lift force is the integral of vertical pressure forces over the entire wetted surface

area of the wing:

where:
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 L is the lift,

 A is the wing surface area

 p is the value of the pressure,

 n is the normal unit vector pointing into the wing, and

 k is the vertical unit vector, normal to the freestream direction.

The above lift equation neglects the skin friction forces, which typically have a negligible

contribution to the lift compared to the pressure forces. By using the streamwise vector i parallel

to the freestream in place of k in the integral, we obtain an expression for the pressure drag Dp

(which includes induced drag in a 3D wing). If we use the spanwise vector j, we obtain the side

force Y.

One method for calculating the pressure is Bernoulli's equation, which is the mathematical

expression of Bernoulli's principle. This method ignores the effects of viscosity, which can be

important in the boundary layer and to predict friction drag, which is the other component of the

total drag in addition to Dp.

A substantial simplification of this proposes that as other forms of energy changes are

inconsequential during the flow of air around a wing and that energy transfer in/out of the air is

not significant, then the sum of pressure energy and speed energy for any particular parcel of air

must be constant. Consequently, an increase in speed must be accompanied by a decrease in

pressure and vice-versa. It should be noted that this is not a causational relationship. Rather, it is

a coincidental relationship, whatever causes one must also cause the other as energy can neither

be created nor destroyed. It is named for the Dutch-Swiss mathematician and scientist Daniel

Bernoulli, though it was previously understood by Leonhard Euler and others.

Bernoulli's principle provides an explanation of pressure difference in the absence of air density

and temperature variation (a common approximation for low-speed aircraft). If the air density

and temperature are the same above and below a wing, a naive application of the ideal gas law

requires that the pressure also be the same. Bernoulli's principle, by including air velocity,
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explains this pressure difference. The principle does not, however, specify the air velocity. This

must come from another source, e.g., experimental data. Erroneous assumptions concerning

velocity, e.g., that two parcels of air separated at the front of the wing must meet up again at the

back of the wing, are commonly found.

In order to solve for the velocity of inviscid flow around a wing, the Kutta condition must be

applied to simulate the effects of inertia and viscosity. The Kutta condition allows for the correct

choice among an infinite number of flow solutions that otherwise obey the laws of conservation

of mass and conservation of momentum.

7. Common misconceptions

One misconception encountered in a number of popular explanations of lift is the "equal transit

time" fallacy. This fallacy assumes that the parcels of air that are divided above and below an

airfoil must rejoin behind it. The fallacy states that because of the longer path of the upper

surface of an airfoil, the air going over the top must go faster in order to "catch up" with the air

flowing around the bottom. Although it is true that the air moving over the top of a wing

generating lift does move faster, there is no requirement for equal transit time. In fact the air

moving over the top of an airfoil generating lift is always moving much faster than the equal

transit theory would imply.

A further flaw in this explanation is that it requires an airfoil to have thickness and curvature in

order to create lift. In fact, thin flat plate wings and sails create lift under a range of angles of

attack. If lift were solely a result of shape, then aircraft would not be able to fly inverted. This

explanation has gained currency by repetition in populist (rather than technical) books. At least

one common pilot training book depicts the equal transit fallacy, adding to the confusion.

8. Coandă Effect

An example of the Coandă effect in this sense tendency of a stream of water to adhere to the

back of a spoon, is due primarily to surface tension or the intermolecular attractive Van der
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Waals forces between the liquid molecules themselves and between the liquid molecules and the

molecules of the spoon. (Dip the bowl of the spoon in water and notice that some water adheres

to the bowl when you remove it.) The very short-range Van der Waals forces are important in a

liquid and not in a gas because in a liquid the molecules are very close to one another and in a

gas the molecules only come close to one another when they collide.

More broadly, some consider the effect to include the tendency of any fluid boundary layer to

adhere to a curved surface, not just that involving a jet. It is in this broader sense that the Coandă

effect is used by some to explain lift. Jef Raskin, for example, uses a simple demonstration by

using a straw to blow over the upper surface of a wing. The wing deflects upwards, thus

supposedly demonstrating that the Coanda effect creates lift. This demonstration correctly

demonstrates the Coandă effect as a fluid jet (the exhaust from a straw) adhering to a curved

surface (the wing); however, in reality, the bulk flow of air over is very different from this

example: for instance, this demonstration makes no consideration of what happening on the

lower surface of the wing. In addition, using the effect in this sense of the bulk flow over a wing

ascribes more to Coandă credit than he ever considered; the origins of the effect are in his patent

for a high-lift device that used a fluid jet impinging on a surface to generate additional lift. It is

interesting to think of the Coandă effect as a way of "managing" buoyancy because the attendant

generation of lift is actually an enhancement of the buoyant force.

In Section 4 of this course you will cover these topics:
Structural Design And Material Selection

Static Stability And Control
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Topic : Structural Design And Material Selection

Topic Objective:

At the end of this topic student will able to learn:

 Structural Design

 Material Selection

 Ashby plots

Definition/Overview:

Structural Design: In structural engineering, structural design is an iterative process of applying

engineering mechanics and past experience to create a functional, economic, and, most

importantly, safe structure for the public to inhabit or to use. Using structural analysis techniques

and conforming to design specifications and the local design codes, the structural design

engineer works to create a solution that is to everyone's benefit. Several latest Finite Element

software packages like ETABS, SAP 2000, SAFE, STAAD Pro, S-Concrete, STDesign, Grasp,

GEAR, PLS Tower, ATADS, FEM-Design etc. are widely used to do the repetitive, lengthy and

complicated calculations and structural analysis needed to obtain a safe and economic design for

a structure.

Material Selection: An important aspect of design for mechanical, electrical, thermal, chemical

or other application is selection of the best material or materials. Systematic selection of the best

material for a given application begins with properties and costs of candidate materials. For

example, a thermal blanket must have poor thermal conductivity in order to minimize heat

transfer for a given temperature difference.
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Key Points:

1. Structural Design

Structural design as a process has evolved to its modern refinement through hard lessons learned

from various structural failures. Structures are divided into two major categories, reinforced

concrete structures, and steel frame structures. Reinforced concrete can be designed by many

methods but two of them are important.

Structural design is an expression of an understanding of the flow of forces. The distribution of

forces is initially understood diagramatically and mathematically. Based on this scientific

understanding, sketches of members and connections are developed. Structural design which is

highly expressive of the flow of forces is also associated with modern architectural design.

Structural design includes accommodation for the practicalities of construction, including on site

assembly, shop assembled components, accessibility, and maintenance.

Every structure shall be designed to resist the overturning effects caused by the lateral forces

specified in this chapter 16, 2006 International Building Code, IBC, Chapter 16. See Section

1609 for wind, Section 1610 for lateral soil loads and Section 1613 through 1623 for earthquake.

The value for snow load, wind load and seismic load importance factors shall be determined in

accordance with Table 1604.5, 2006 International Building Code, ACI 2005 for USA or NBC

2005 for Canada.
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Now-a-days Boundary layer Wind Tunnel Tests are usually done for very tall and usually shaped

(like a parabolic shape) buildings, and for cable suspension or cable stayed bridges to understand

the dynamic behaviour and response of the structure for 50 year return period high wind speeds

in that particular location. To limit the daily acceleration and deflection at the top of the building,

different types of dampers and specially designed rooftop water tanks acting as a damper are

used. For dynamic analysis for earthquakes, usually core shear walls are used to take the

earthquake load.

2. Material Selection

Systematic selection for applications requiring multiple criteria is more complex. For example, a

rod which should be stiff and light requires a material with high Young's modulus and low

density. If the rod will be pulled in tension, the specific modulus, or modulus divided by density

E / ρ, will determine the best material. But because a plate's bending stiffness scales as its

thickness cubed, the best material for a stiff and light plate is determined by the cube root of

stiffness divided density.

3. Ashby plots

An Ashby plot, named for Michael Ashby of Cambridge University, is a scatter plot which

displays two or more properties of many materials or classes of materials.An Ashby plot useful

for the example of the stiff, light part discussed above would have Young's modulus on one axis

and density on the other axis, with one data point on the graph for each candidate material. On

such a plot, it is easy to find not only the material with the highest stiffness, or that with the

lowest density, but that with the best ratio E / ρ. Using a log scale on both axes facilitates

selection of the material with the best plate stiffness.
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The first Ashby plot on the right shows density and Young's modulus, without a log scale.

Metals are represented by blue squares, ceramics by green, and polymers by red. It was

generated by the Material Grapher. The second plot shows the same materials attributes for a

database of approx 100 materials. Materials families (polymers, foams, metals, etc.) are

identified by the larger colored bubbles. The image is created using Prof Mike Ashby's own CES

Selector software and data from Granta Design.

Topic : Static Stability And Control

Topic Objective:

At the end of this topic student will able to learn:

 Static stability

 Longitudinal stability

 The pilot's task

 Center of gravity

 Analysis

 Trim

 Neutral point

Definition/Overview:

Static stability: As any vehicle moves it will be subjected to minor changes in the forces that act

on it, and in its speed.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

57
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Control: Control is used in a variety of contexts to express "mastery" or "proficiency": e.g.

"Music students attending a master class are expected to have full control of basic skills such as

rhythm and pitch" and more generally an ability to purposefully direct (including suppression of)

change.

Key Points:

1. Static stability

As any vehicle moves it will be subjected to minor changes in the forces that act on it, and in its

speed.

 If such a change causes further changes that tend to restore the vehicle to its original

speed and orientation, without human or machine input, the vehicle is said to be statically

stable. The aircraft has positive stability.

 If such a change causes further changes that tend to drive the vehicle away from its

original speed and orientation, the vehicle is said to be statically unstable. The aircraft has

negative stability.

 If such a change causes no tendency for the vehicle to be restored to its original speed

and orientation, and no tendency for the vehicle to be driven away from its original speed

and orientation, the vehicle is said to be neutrally stable. The aircraft has zero stability.

For a vehicle to possess positive static stability it is not necessary for its speed and orientation to

return to exactly the speed and orientation that existed before the minor change that caused the

upset. It is sufficient that the speed and orientation do not continue to diverge but undergo at

least a small change back towards the original speed and orientation.
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2. Longitudinal stability

The longitudinal stability of an aircraft refers to the aircraft's stability in the pitching plane - the

plane which describes the position of the aircraft's nose in relation to its tail and the horizon.

(Other stability modes are directional stability and lateral stability.)

If an aircraft is longitudinally stable, a small increase in angle of attack will cause the pitching

moment on the aircraft to change so that the angle of attack decreases. Similarly, a small

decrease in angle of attack will cause the pitching moment to change so that the angle of attack

increases.

3. The pilot's task

The pilot of an aircraft with positive longitudinal stability, whether it is a human pilot or an

autopilot, has an easy task to fly the aircraft and maintain the desired pitch attitude which, in

turn, makes it easy to control the speed, angle of attack and fuselage angle relative to the horizon.

The pilot of an aircraft with negative longitudinal stability has a more difficult task to fly the

aircraft. It will be necessary for the pilot devote more effort, make more frequent inputs to the

elevator control, and make larger inputs, in an attempt to maintain the desired pitch attitude.

Most successful aircraft have positive longitudinal stability, providing the aircraft's center of

gravity lies within the approved range. Some acrobatic and combat aircraft have low-positive or

neutral stability to provide high maneuverability. Some advanced aircraft have a form of low-

negative stability called relaxed stability to provide extra-high maneuverability.
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4. Center of gravity

The longitudinal static stability of an aircraft is significantly influenced by the position of the

center of gravity of the aircraft. As the center of gravity moves forward the moment arm between

the horizontal stabilizer increases and the longitudinal static stability of the aircraft also

increases. As the center of gravity moves aft, the longitudinal static stability of the aircraft

decreases. The limitations specified for an aircraft type and model include limitations on the

most forward position, and the most aft position, permitted for the center of gravity. No attempt

should be made to fly an aircraft if its center of gravity is outside the approved range, or will

move outside the approved range during the flight.

5. Analysis

Near the cruise condition most of the lift is generated by the wings, with ideally only a small

amount generated by the fuselage and tail. We may analyse the longitudinal static stability by

considering the aircraft in equilibrium under wing and tail lift, and weight. The moment

equilibrium condition is called trim, and we are generally interested in the longitudinal stability

of the aircraft about this trim condition.

Equating forces in the vertical direction:

W = Lw + Lt

where W is the weight, Lw is the wing lift and Lt is the tail lift.

For a symmetrical airfoil at low angle of attack, the wing lift is proportional to the angle of

attack:

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

60
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



where Sw is the wing area CL is the (wing) lift coefficient, α is the angle of attack. The term α0 is

included to account for camber, which results in lift at zero angle of attack. Finally q is the

dynamic pressure:

where ρ is the air density and v is the speed.

6. Trim

The tailplane is usually a symmetrical airfoil, so its lift is proportional to angle of attack, but in

general, there will also be an elevator deflection to maintain moment equilibrium (trim). In

addition, the tail is located in the flow field of the main wing, and consequently experiences a

downwash, reducing the angle of attack at the tailplane.

For a statically stable aircraft of conventional (tail in rear) configuration, the tailplane lift

typically acts downward. In canard aircraft, both fore and aft planes are lifting surfaces. The

fundamental requirement for static stability is that the coefficient of lift of the fore surface be

greater than that of the aft surface; but even this general statement obviously does not apply to

tailless aircraft. Violations of this basic principle are exploited in some high performance combat

aircraft to enhance agility; artificial stability is supplied by electronic means.

The tail lift is, therefore:

where is the tail area, is the tail lift coefficient, is the elevator deflection, and is the

downwash angle.

Note that for a rear-tail configuration, the aerodynamic loading of the horizontal stabilizer (in

) is less than that of the main wing, so the main wing should stall before the tail,

ensuring that the stall is followed immediately by a reduction in angle of attack on the main

wing, promoting recovery from the stall. (In contrast, in a canard configuration, the loading of

the horizontal stabilizer is greater than that of the main wing, so that the horizontal stabilizer

stalls before the main wing, again promoting recovery from the stall.)
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There are a few classical cases where this favourable response was not achieved, notably some

early T-tail jet aircraft. In the event of a very high angle of attack, the horizontal stabilizer

became immersed in the downwash from the fuselage, causing excessive download on the

stabilizer, increasing the angle of attack still further. The only way an aircraft could recover from

this situation was by jettisoning tail ballast or deploying a special tail parachute. The

phenomenon became known as 'deep stall'. Taking moments about the center of gravity, the net

nose-up moment is:

where is the location of the center of gravity behind the aerodynamic center of the main wing,

is the tail moment arm. For trim, this moment must be zero. For a given maximum elevator

deflection, there is a corresponding limit on center of gravity position at which the aircraft can be

kept in equilibrium. When limited by control deflection this is known as a 'trim limit'. In

principle trim limits could determine the permissible forwards and rearwards shift of the centre

of gravity, but usually it is only the forward cg limit which is determined by the available

control, the aft limit is usually dictated by stability.

In a missile context 'trim limit' more usually refers to the maximum angle of attack, and hence

lateral acceleration which can be generated.

7. Static stability

The nature of stability may be examined by considering the increment in pitching moment with

change in angle of attack at the trim condition. If this is nose up, the aircraft is longitudinally

unstable; if nose down it is stable. Differentiating the moment equation with respect to α:

Note: is a stability derivative.

It is convenient to treat total lift as acting at a distance h ahead of the centre of gravity, so that the

moment equation may be written:
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Applying the increment in angle of attack:

Equating the two expressions for moment increment:

The denominator of the second term is dominated by the wing lift, so the tail lift term can be

ignored, yielding:

Where c is the mean aerodynamic chord of the main wing. The term:

is known as the tail volume ratio. Its rather complicated coefficient, according to Piercy, has

values in the range 0.5 to 0.65 for typical configurations. Hence the expression for h may be

written more compactly, though somewhat approximately, as:

h is known as the static margin. For stability it must be negative. (However, for consistency of

language, the static margin is sometimes taken as − h, so that positive stability is associated with

positive static margin.)

8. Neutral point

A mathematical analysis of the longitudinal static stability of a complete aircraft (including

horizontal stabilizer) yields the position of center of gravity at which stability is neutral. This

position is called the neutral point. (The larger the area of the horizontal stabilizer, and the
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greater the moment arm of the horizontal stabilizer about the aerodynamic center, the further aft

is the neutral point.)

The static center of gravity margin (c.g. margin) or static margin is the distance between the

center of gravity (or mass) and the neutral point. It is usually quoted as a percentage of the Mean

Aerodynamic Chord. The center of gravity must lie ahead of the neutral point for positive

stability (negative static margin). If the center of gravity is behind the neutral point, the aircraft is

longitudinally unstable (the static margin is positive), and active inputs to the control surfaces are

required to maintain stable flight. Ultimately, the position of the center of gravity relative to the

neutral point determines the stability, control forces, and controllability of the vehicle.

For a tailless aircraft V = 0, the neutral point coincides with the aerodynamic center, and so for

longitudinal static stability the center of gravity must lie ahead of the aerodynamic center.

In Section 5 of this course you will cover these topics:
Cost Estimate

Design Summary And Trade Study

Topic : Cost Estimate

Topic Objective:

At the end of this topic student will able to learn:

 Cost

 Cost Estimate

 Accounting vs opportunity costs

 Comparing private, external, social, and psychic costs

 Social costs are the sum of private costs and external costs.

 Cost estimates and cost overrun
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Definition/Overview:

Cost Estimate: Cost estimation models are mathematical algorithms or parametric equations

used to estimate the costs of a product or project. The results of the models are typically

necessary to obtain approval to proceed, and are factored into business plans, budgets, and other

financial planning and tracking mechanisms.

Key Points:

1. Cost

In economics, business, retail, and accounting, a cost is the value of money that has been used up

to produce something, and hence is not available for use anymore. In economics, a cost is an

alternative that is given up as a result of a decision. In business, the cost may be one of

acquisition, in which case the amount of money expended to acquire it is counted as cost. In this

case, money is the input that is gone in order to acquire the thing. This acquisition cost may be

the sum of the cost of production as incurred by the original producer, and further costs of

transaction as incurred by the acquirer over and above the price paid to the producer. Usually, the

price also includes a mark-up for profit over the cost of production. Costs are often further

described based on their timing or their applicability.

2. Cost Estimate

These algorithms were originally performed manually but now are almost universally

computerized. They may be standardized (available in published texts or purchased
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commercially) or proprietary, depending on the type of business, product, or project in question.

Simple models may use standard spreadsheet products.

Models typically function through the input of parameters that describe the attributes of the

product or project in question, and possibly physical resource requirements. The model then

provides as output various resources requirements in cost and time. Cost modeling practitioners

often have the titles of cost estimators, cost engineers, or parametric analysts. Typical

applications include:

 Construction

 Software Development

 Manufacturing

 New product development

3. Accounting vs. opportunity costs

In accounting, costs are the monetary value of expenditures for supplies, services, labor,

products, equipment and other items purchased for use by a business or other accounting entity.

It is the amount denoted on invoices as the price and recorded in bookkeeping records as an

expense or asset cost basis. Opportunity cost, also referred to as economic cost is the value of the

best alternative that was not chosen in order to pursue the current endeavouri.e, what could have

been accomplished with the resources expended in the undertaking. It represents opportunities

forgone. In theoretical economics, cost used without qualification often means opportunity cost.
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4. Comparing private, external, social, and psychic costs

When a transaction takes place, it typically involves both private costs and external costs.

Private costs are the costs that the buyer of a good or service pays the seller. This can also be

described as the costs internal to the firm's production function. External costs (also called

externalities), in contrast, are the costs that people other than the buyer are forced to pay as a

result of the transaction. The bearers of such costs can be either particular individuals or society

at large. Note that external costs are often both non-monetary and problematic to quantify for

comparison with monetary values. They include things like pollution, things that society will

likely have to pay for in some way or at some time in the future, but that are not included in

transaction prices.

5. Social costs are the sum of private costs and external costs.

For example, the manufacturing cost of a car (i.e., the costs of buying inputs, land tax rates for

the car plant, overhead costs of running the plant and labour costs) reflects the private cost for

the manufacturer. The polluted waters or polluted air also created as part of the process of

producing the car is an external cost borne by those who are affected by the pollution or who

value unpolluted air or water. Because the manufacturer does not pay for this external cost (the

cost of emitting undesirable waste into the commons), and does not include this cost in the price

of the car (a Kaldor-Hicks compensation), they are said to be external to the market pricing

mechanism. The air pollution from driving the car is also an externality produced by the car user

in the process of using his good. The driver does not compensate for the environmental damage

caused by using the car. A psychic cost is a subset of social costs that specifically represent the

costs of added stress or losses to quality of life.
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6. Cost estimates and cost overrun

When developing a business plan for a new company, product, or project, planners typically

make cost estimates in order to assess whether revenues/benefits will cover costs (see cost-

benefit analysis). This is done in both business and government. Costs are often underestimated

resulting in cost overrun during implementation. Main causes of cost underestimation and

overrun are optimism bias and strategic misrepresentation. Reference class forecasting was

developed to curb optimism bias and strategic misrepresentation and arrive at more accurate cost

estimates. Cost Plus, is where the Price = Cost plus or minus X%, where x is the percentage of

built in overhead or profit margin.

Topic : Design Summary And Trade Study

Topic Objective:

At the end of this topic student will able to learn:

 Design

 Elements

 Aerospace engineering

 Trade Study
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Definition/Overview:

Design: Design is used both as a noun and a verb. The term is often tied to the various applied

arts and engineering. As a verb, "to design" refers to the process of originating and developing a

plan for a product, structure, system, or component with intention. As a noun, "a design" is used

for either the final (solution) plan (e.g. proposal, drawing, model, description) or the result of

implementing that plan in the form of the final product of a design process. This classification

aside, in its broadest sense no other limitations exist and the final product can be anything from

socks and jewellery to graphical user interfaces and charts. Even virtual concepts such as

corporate identity and cultural traditions such as celebration of certain holidays are sometimes

designed. More recently, processes (in general) have also been treated as products of design,

giving new meaning to the term "process design".

Trade Study: A trade study or trade-off study is the activity of a multidisciplinary team to

identify the most balanced technical solutions among a set of proposed viable solutions (FAA

2006). These viable solutions are judged by their satisfaction of a series of measures or cost

functions. These measures describe the desirable characteristics of a solution. They may be

conflicting or even mutually exclusive. Trade studies are commonly used in the design of

aerospace and automotive vehicles and the software selection process to find the configuration

that best meets conflicting performance requirements.

Key Points:

1. Design

Modern flight vehicles undergo severe conditions such as differences in atmospheric pressure

and temperature, or heavy structural load applied upon vehicle components. Consequently, they

are usually the products of various technologies including aerodynamics, avionics, materials
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science and propulsion. These technologies are collectively known as aerospace engineering.

Because of the complexity of the field, aerospace engineering is conducted by a team of

engineers, each specializing in their own branches of science., The development and

manufacturing of a flight vehicle demands careful balance and compromise between abilities,

design, available technology and costs.

2. Elements

Some of the elements of aerospace engineering are:

 Fluid mechanics - the study of fluid flow around objects. Specifically aerodynamics

concerning the flow of air over bodies such as wings or through objects such as wind

tunnels (see also lift and aeronautics).

 Astrodynamics - the study of orbital mechanics including prediction of orbital elements

when given a select few variables. While few schools in the United States teach this at

the undergraduate level, several have graduate programs covering this topic (usually in

conjunction with the Physics department of said college or university).

 Statics and Dynamics (engineering mechanics) - the study of movement, forces, moments

in mechanical systems.

 Mathematics - because aerospace engineering heavily involves mathematics.

 Electrotechnology - the study of electronics within engineering.

 Propulsion - the energy to move a vehicle through the air (or in outer space) is provided

by internal combustion engines, jet engines and turbomachinery, or rockets. A more

recent addition to this module is electric propulsion and ion propulsion.

 Control engineering - the study of mathematical modeling of the dynamic behavior of

systems and designing them, usually using feedback signals, so that their dynamic

behavior is desirable (stable, without large excursions, with minimum error). This applies

to the dynamic behavior of aircraft, spacecraft, propulsion systems, and subsystems that

exist on aerospace vehicles.
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 Aircraft structures - design of the physical configuration of the craft to withstand the

forces encountered during flight. Aerospace engineering aims to keep structures

lightweight.

 Materials science - related to structures, aerospace engineering also studies the materials

of which the aerospace structures are to be built. New materials with very specific

properties are invented, or existing ones are modified to improve their performance.

 Solid mechanics - Closely related to material science is solid mechanics which deals with

stress and strain analysis of the components of the vehicle. Nowadays there are several

Finite Element programs such as MSC Patran/Nastran which aid engineers in the

analytical process.

 Aeroelasticity - the interaction of aerodynamic forces and structural flexibility,

potentially causing flutter, divergence, etc.

 Avionics - the design and programming of computer systems on board an aircraft or

spacecraft and the simulation of systems.

 Risk and reliability - the study of risk and reliability assessment techniques and the

mathematics involved in the quantitative methods.

 Noise control - the study of the mechanics of sound transfer.

 Flight test - designing and executing flight test programs in order to gather and analyze

performance and handling qualities data in order to determine if an aircraft meets its

design and performance goals and certification requirements.

The basis of most of these elements lies in theoretical mathematics, such as fluid dynamics for

aerodynamics or the equations of motion for flight dynamics. However, there is also a large

empirical component. Historically, this empirical component was derived from testing of scale

models and prototypes, either in wind tunnels or in the free atmosphere. More recently, advances

in computing have enabled the use of computational fluid dynamics to simulate the behavior of

fluid, reducing time and expense spent on wind-tunnel testing. Additionally, aerospace

engineering addresses the integration of all components that constitute an aerospace vehicle

(subsystems including power, communications, thermal control, life support, etc.) and its life

cycle (design, temperature, pressure, radiation, velocity, life time).

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

71
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



3. Aerospace engineering

The examples and perspective in this article deal primarily with the United States and do not

represent a worldwide view of the subject. Please improve this article or discuss the issue on the

talk page.

Aerospace (or aeronautical) engineering can be studied at the advanced diploma, bachelor's,

master's, and Ph.D. levels in aerospace engineering departments at many universities, and in

mechanical engineering departments at others. A few departments offer degrees in space-focused

astronautical engineering. The programs of the Massachusetts Institute of Technology and

Rutgers University are two such examples. US News and World Report ranks the aerospace

engineering programs at the Massachusetts Institute of Technology, Georgia Institute of

Technology, and the University of Michigan within the top three best programs for doctorate

granting universities. However, other top programs within the ten best in the United States

include those of Stanford University, Texas A&M University, the University of Texas at Austin,

Purdue University and the University of Illinois. The magazine also rates Embry-Riddle

Aeronautical University and United States Air Force Academy as the premier aerospace

engineering programs at universities that do not grant doctorate degrees.

4. Trade Study

The measures are dependent on variables that characterize the different potential solutions. If the

system can be characterized by a set of equations, we can write the definition of the trade study

problem as: Find the set of variables, xi that give the best overall satisfaction to the measures:

 T1 = f(x1, x2, x3..)

 T2 = f(x1, x2, x3..)

 T3 = f(x1, x2, x3..)
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 TN = f(x1, x2, x3..)

Where Tj is a target value and f() denotes some functional relationship among the variables.

Further, the equality between the target and the function may be a richer relationship, as will be

developed below. If the equations are linear, as in the production volume example used as a

starting point below, then this problem is solvable using linear programming techniques.

Generally, one or more of the targets is not fixed at a specific value and it is desired to make

these T values as large or small as possible. These are generally referred to as cost functions and

the other measures are treated as constraints.

If the situation was as described above formal optimization or linear programming methods

would work and there would be no need for this paper. However, in practice needed information

is:
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